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MULTIDEFLECTOR 



TECHNICAL FIELD 

This invention relates generally to ion beam handling and 
more particulariy to a deflector for use in time-of-flight mass ^ 
spectrometry. 

BACKGROUND AJRT 

This invention relates in general to ion beam handling in lo 
mass spectrometers and more particularly to ion deflection 
in time-of-flight mass spectrometers (TOFMS). Hie ^pa- 
ratus and method of mass analysis described herein is an 
enhancanent of the techniques that are referred to in the 
lit€3cature relating to mass spectrom^iy. 15 

The analysis of ions by mass spectrometers is important, 
as mass spectromet^ are instrmnents that are used to 
determine the chemical structoes of moleailes. In these 
instrmnents, molecules become positively or negatively 
diaiged in an ionization source and the masses of the ^ 
resultant ions are determined in vacuum by a mass analyzer 
that measures their mass/charge (m/z) ratio. Mass analyzers 
come in a variety of types, including magnetic field (B), 
combined (double-focusing) electrical (E) and magnetic 
field (B), quadnipole (Q), ion cyclotron resonance (ICR), ^ 
quadripole ion storage trap, and time-of-flight (TOF) mass 
analyzers, wbidi are of particular importance with respect to 
the invention disclosed herein. Each mass spectrometric 
method has a unique set of attributes. Thus, TOEMS is one 
mass spectrometric method that arose out of the evolution of 
the larger field of mass spectrom^iy. 

The analysis of ions by TOFMS is, as the name suggests, 
based on the measurenaent of the fli^t times of ions from an 
initial position to a final position. Ions which have the same 
initial ldneticen«gy but dSfferent masses wiU separate wlien 
allowed to drift through a field free r^on. 

Ions are conventionally extracted from an ion source in 
smtall packets. The ions acquire different velocities accord- 
ing to the mass-to-charge ratio of the ions. Lighter ions will ^ 
aiive at a detector prior to high mass ions. Determining the 
time-of-fiight of the ions across a propagation path permits 
the determination of the masses of different ions. The 
prqpagation path may be circular or helical, as in cyclotron 
resonance spectrometry, but typically linear propagation 
paths are used for TOFMS plications. 

TOFMS is used to form a mass spectrum for ions con- 
tained in a sanq>le of interest Convcntionaliy, flie ssanplc is 
divided into pacJo^ of ions that are launched along the 
pr<5>agation path using a pulse-and-wait approach. In releas- 50 
ing packets, one concern is that the lighta: and faster ions of 
a trailing packet will pass the heavier and slower ions of a 
preceding packet Using the traditional pulse-and-wait 
^proadi, the release of an ion packet as timed to ^sure that 
the ions of a preceding pack^ reach the detector b^ore any 55 
overlap can ocoir. Thus, the periods between packets is 
relatively long. If ions are being generated continuously, 
only a small percentage of the ions undergo detection. A 
significant amount of sample material is thereby wasted The 
loss in eflEici^cy and sensitivity can be reduced by string 
ions that are ^neiated b^een the laundiing of individual 
packets, but the storage i^^aoach carries some disadvan- 
tages. 

Resolution is an in^itant consideration in flie design and 
operation of a mass spectrom;^ for ion analysis. The 65 
traditional pulse-and-wait approach in releasing packets of 
ions enables resolution of ions of different masses by sepa- 
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rating the ions into discernible groups. However, other 
factOTs are also involved in detennining the resolution of a 
mass spectrometry system. ^'Space resolution" is the ability 
of the system to resolve ions of different masses despite an 
5 initial spatial position distribution within an ion source from 
whidi the packets are extracted. Differences in starting 
position will affect the time required for traversing a propa- 
gation path. *1Energy resolution" is the ability of the system 
to resolve ions of different mass despite an initial velocity 
10 distribution. Different startiB^ velocities will affect the time 
required for traversing the propagation path. 

In addition, two or more mass analyze may be combined 
in a single instrument to fonn a tandem mass spectrometer 
(MS/MS, MS/MS/MS. etc.). The most common MS/MS 
15 instruments arc four sc<^r instruments (EBEB or BEEB% 
triple quadnipoies (QQQ), and hyWd instruments (EBQQ 
<Mr BEQQ). lie mass/charge ratio measured for a molecular 
ion is used to detetmine the molecular wcigjit of a com- 
pound. In addition, molecular ions may dissociate at specific 
20 chemical bonds to form fragment ions. Mass/chaigc ratios of 
these fragment ions are used to duddate the chemical 
structure of the molecule. Tandem mass spectrometers have 
a particular advantage for structural analysis in diat ffie first 
mtass analyzer (MSI) can be used to measure and select 
25 molecular ion from a mu^tuic of molecules, while the second 
mass analyzer (MS2) can be used to record the structural 
ftagments. In tandem instruments, a means is provided to 
induce fragmentation in the region between the two mass 
analyzers. The most common method en^loys a collision 
30 chamber filled with an inert gas, and is known as collision 
induced dissociation OD, Sudi collisions can be carried out 
at high (5-10 keV) or low (10-100 eV) kinetic energies, or 
may involve specific diemical (ion-mdccule) reactions, 
Iragmentation taay also be induced using laser beams 
35 (photodissodation), electron beams (dectron induced 
dissociation), or througji collisions with surfaces (surface 
induced dissociation). It is possible to perform sudi an 
analysis using a varx^ of types of mass analyzers including 
TOF mass analysis. 
40 In a TOFMS instrument, molecular and fragment ions 
formed in the source are accdcrated to a kinetic energy: 



where e is tiie elemental ciiaige, V is the potential acioss the 
source/accdoating legioa, m is the ion mass, and v is the 
ion vdocfty* These ions pass thiou^ a fidd-ficee drift i€^on 
of length L widi vdodties given by equation 1. The time 
required for a particular ion to traverse the ddft re^on is 
directly propoitional to the square root of the mass/diaige 
ratio: 



55 

Conversely, the mass/charge ratios of ions can be deter- 
mined from Aeir flight times according to the equation: 

^=afi+b <3) 
e 

60 

wheae a and b are constants which can be determined 
e^>erimentally from the fligjit times of two or more ions of 
known mass/chaige ratios. 

Geaecaily, TOF mass spectrometers have limited mass. 
65 resolution. This arises because thare may be unceitainties in 
the time that the ions were formed (time distribution), in 
their location in the accelerating field at the time they were 
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formed (spatial distribution), and in their initial kinetic 
energy distributions prior to acceleration (energy 
distribution). 

The first commercially successM TOFMS was based on 
an instrument described by Wiley and McLaren in 1955 5 
(Wiley, W. C; McLaren, 1 H., Rev. ScL Instrument 26 1150 
(1955)). That instrument utilized electron impact (EI) ion- 
ization (whidi is limited to volatile samples) and a method 
for spatial and energy focusing known as time-lag focusing. 
In brief, molecules are first ionized by a pulsed (1-5 10 
microsecond) electron beam. Spatial focusing was accom- 
plished using multiple-stage acceleration of the ions. In the 
first stage^ a low voltage (-150 V) diawout pulse is ^qpplied 
to the source region that compensates for ions formed at 
different locations, while the second (and other) stages 15 
complete the acceleration of the ions to their final kinetic 
energy (-3 keV ), A short time-delay (1-7 microseconds) 
between the ionization and drawout pulses con^>^sates for 
different initial kinetic energies of the ions, and is designed 
to in^m>ve mass resolution. Because this method required a 20 
very fast (40 ns) rise time pulse in the source region, it was 
convenient to place the ion source at ground potential, while 
tiie drift r^on floats at -3 kV. The instrument was com- 
mercialized by Bendix Corporation as the model NA-2, and 
later by CVC Products (Rochester, N.Y.) as the model 25 
CVC-2000 mass spectrometa:. The instrument has a prac- 
tical mass range of 400 daltons and a mass resolution of Vyx>, 
and is still commercially available. 

There have been a number of variations on this instru- 
ment Muga (TOFTEC, GainsviUe) has described a velocity 30 
compaction technique for mx^ovmg the mass resolution 
(Muga velocity con^action). Chatfield et al. (Chatfield 
FT-TOF) described a method for frequency modulation of 
gates placed at either end of the flight tube, and Fourier 
transfonnation to the time domain to obtain mass spectra. 35 
This method was designed to improve the duty cyde. 

Cotter et al. (VanBreeman, R. B,: Snow, M.: Cotter, R. J., 
Int J. Mass Spectrom. Ion Phys. 49 (1983) 35.; Tabet, J. C; 
Cotter, R. J., Anal Chem. 56 (1984) 1662; Olthoff, J. K.; 
Lys, L: Demirev, R: Cotter, R. J., Anal. Instrumen. 16 (1987) 40 
93, modified a CVC 2000 time-of-flight mass spectrometer 
for in&ared laser desorption of involatile biomoleailes, 
using a Tachisto (Needham, Mass.) model 215G pulsed 
carbon dioxide laser. Hiis group also constructed a pulsed 
liquid secondary time-of-flight mass s{>ectrometer (liquid 45 
SIMS-TOF) utili2ing a pulsed (1-5 microsecond) beam of 5 
keV cesium ions, a liquid sample matrix, a symmetric 
push/puU arrangement for pulsed ion extraction (Olthoff, J. 
K.; Cotter, R. I, AnaL Chem. 59 (1987) 999-1002.; Olthoff, 
J. K.; Cotter, R. J., Nud. Instrum, Meth. Phys. Res, B-26 so 
(1987) 566-570. In both of these instruments, the time delay 
range between ion formation and extraction was extended to 
5-50 microseconds, and was used to permit metastable 
fragmentation of large molecules pricH* to extraction from the 
source. This in turn reveals more structural information in 55 
the mass spectra. 

The plasma desorption technique introduced by Macfar- 
lane andTorgerson in 1974 (Macfarlane, R. D.; Skowronski, 
R. P.; Torgerson, D. K, Biochem. Biophys. Res Commoun. 
60 (1974) 616.) formed ions on a planar surface placed at a 60 
voltage of 20 kV. Since there are no spatial uncertainties, 
ions are accelerated proirptiy to their final kinetic ena:^es 
toward a parallel, grounded extraction grid, and then travel 
through a grtninded drift region. High voltages are used, 
since mass resolution is proportional to U o/;eV, wha:e the 65 
initial kinetic energy, U Ofis of the order of a few electron 
volts. Plasma desorption mass spectrometers have been 
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constructed at Rockefeller {Chait, B. T.; Field, E R, J, 

Amer. Chem. Soc. 106 (1984) 193), Orsay LeBeyec/y.; 

DeUa Negra, S,; Deprun, C; Vigny, R; Giont, Y. M., Rev! 

Phys. Ap^l 15 (1980) 1631), Paris (Viari, A.; Ballini, J. R; 
5 Vigny, R; Shire, D.; Dousset, P., Biomed, Environ. Mass 

Spectrom, 14 (1987) 83), Upsalla (Hakansson, R; Sundqvist 
B., RadiaL ES. 61 (1982) 179) and Darmstadt (Becte, O.; 
Furstenau, N.; Krueger, E R.; Weiss, G.; Wein, Kl, NucL 
InstrunL Methods 139 (1976) 195), A plasma desoiption 
10 time-of-flight mass spectrometa: has bee commercialized by 
BIO-ION Nordic (Upsalla, Sweden). Plasma desoiption 
utilizes pimary ion particles with kinetic energies in the 
MeV range to induce des<»ption/[onization. A similar instru- 
ment was constructed at Manitobe (Chain, B. T,; Standing, 
15 K. G., Int J. Mass Spectnmi. Ion Phys. 40 (1981) 185) using 
primary ions in the Ice V range, but has not been commer- 
cialized. 

Matrix-assited laser desorptton, introduced by Tanaka et 
aL (Tanaka, K; WaM, IL; Ido, Y.; AMta, S.; Yoshida, Y; 
20 Yoshica, T., Rapid Commun. Mass Spectcom. 2 (1988) 151) 
and by Karas and Hillcnkamp (Karas, M.; Hillenkan^>, R, 
AnaL Chem. 60 (1988) 2299) utilizes TOFMS to measure 
the molecular weights of proteins in excess of 100,000 
daltons. An instrument constructed at Rockefeller (Beavis, 
25 R. C; Chait, B. T., Rapid Commun. Mass Spectrom. 3 
(1989) 233) has been commercialized by VESTEC 
(Houston, Tex.), and employs prompt two-stage extraction 
of ions to an energy of 30 keV. 
lime-of-fiight instruments with a constant extraction field 
30 have also been utilized widi multi-photon ionization, using 
short pulse lasers. 

The instruments described thus far are linear time-of- 
fl^ts, that is; there is no additional focusing after the ions 
are accelerated and allowed to enter the drift rc^on. Two 
35 approaches to additional energy f ocusii^ have been utilized: 
those whidi pass the ion beam through an electrostatic 
energy filter. 

The refiectron (or ion mirror) was first described by 
Mamyrin (Mamyiin, B. A.; Karatajev. V. J.; Shmikk, D. V.; 
40 Zagulin, V. A., Sov. Phys,, JHTP 37 (1973) 45). At the end 
of the drift region, ions enter a retarding field firom which 
they are reflected bade through the drift region at a sli^t 
angle. Inq>roved mass resolution results from the fact that 
ions with largo- kinetic energies must penetrate the reflecting 
45 field more deeply before bdng turned around. These faster 
ions than catdi up with the slower ions at the d^ector and 
are focused, Reflectrons were used on the laser micrcprobe 
instrument introduced by Hillaakaoq> ct aL (Hillenkan^, F. ; 
Kaufmann, R.; Mtscfae, R.; Unsold, R,AppL Phys. S (1975) 
50 341) and commercialized by Leybold Hereaus as the 
LAMMA (LAser Microprbbe Mass Analyzer). A similar 
instrument was also commarialized by Cambridge Ihstni- 
ments as the lA ( Laser Ionization Mass Analyzer). Ben- 
ninghoven (Benninghoven refiectron) has described a SIMS 
55 (secondary ion mass spectrometo*) instrument that also 
utilizes a refiectron, and is onrently being commercialized 
by Leybold Hereaus. A reflecting SIMS instrument has also 
been constructed by Standing (Standing, K. G.; Beavis, R.; 
Bollbach, G.; Ens, W.; Lafortune, R; Main, D.; Schueler^ B.;' 
60 Tang, X.; Westmore, J. B., AnaL lastrumen. 16 (1987) 173). 
Lebeyec (Della-Negra, S.; Lebeyec, Y., in Ion Fbimation 
from Organic SoUds IFOS HI, ed. by A. Bennin^oven, pp 
42-45, Springer-V«lag, B^lin (1986)) descra>ed a coaxial _ 
refiectron time-of-flight that reflects ions along flie same 
65 pafli in the drift tube as the incomii^ ions, and records their 
arrival times on a diannelplate detector wifli a centered hole 
that allows passage of the initial (unreflected) beam. This 
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geometiy was also utilized by Tanaka et aL (Tanaka, KL; 
WaJd, H.; Ido, Y.; Akita, S.; Yoshida,T., Rapid Comun. Mass 
Spectxom. 2 (19S8) 151) for matrix assisted laser desorptioiL 
Schiag et aL (Grotemeyer, J,; S<±lag, E. W., Org. Mass 
SpectroriL 22 (1987) 758) have used a rcficctron on a 5 
two-laser instrument The first laser is used to ablate solid 
samples, while the second laser fonns ions by multiphotod 
ionization. This instrument is currently available from 
Bruker. WoUnik et ai. (Grix., R.; Kutscher, R.; 11, G.; 
Gruner, U.; Wollnik, H„ Bjapid Commun. Mass Spectrom. 2 lO 
(1988) 83) have <lesciibcd the use of rcdOiectrons in combi- 
nation with pulsed ion cxtractioa, and achieved mass reso- 
lutions as high as 20,000 for small ions produced by electron 
inopact ionization. 

An alternative to reflectrons is the passage of ions through 15 
an electrostatic energy filter, similar to that used in double- 
focusing sector instruments. This approach was first 
desaribed by Poschenroeder (Posdienroedec, Int J. Mass 
Spectrom. Ion Phys. 6 (1971) 413). Sakiirai et aL (Sakuri, T.; 
Fujita,Y;Matsuo,T.;Matsuda,H;Katakuse,L, Int X Mass 20 
Spectrom. Ion Processes 66 (1985) 283) have developed a 
time-of-flight instrument en^loying four electrostatic 
energy analyzers (ESA) in the time-of-fii^t path. At Michi- 
gan State, an instmment known as the ETOF was described 
that utilizes a standard ESA in the TOP analyzer (Mich^an 25 
ETOF), 

Ld>eyec et aL (Della-Negra, S.; Ld>eyec, Y., in Ion 
Formation from Organic Solids IFOS ffl, ed. by A. 
Benninghoven, pp 42-45, Springar-Veriag, Borlin (1986)) 
have described a technique known as correlated reflex 30 
spectra, which can provide information on tiie fragment ion 
arising from a sdected molecular ion. In this technique, the 
neutral species arising from fragmentation in the fli^t tube 
are recorded by a detector bdiind the reflcctron at the same 
flight time as dieir parent masses. Reflected ions are regis- 35 
tered only when a neutral spedes Is recorded within a 
fK^eselected time window. Thus, the resultant spectra provide 
fragment ion (structural) information for a particular 
molecular ion. This technique has also been utilized by 
Standing (Standing, K. G,; Beavis, R.; Bollbach, G.; Ens, 40 

Lafortune, F.; Main, D.; Schueler, B,; Tang, X; 
Westm<s:e, L B., AnaL Instrumen. 16 (1987) 173). 

Although TOF mass spectrometers do not scan the mass 
range, but record ions of all masses following each ioniza- 
tion event this mode of <^>eratioD has some analogy with the 45 
linked scans obtained on dooble^ocuslng sector instru- 
ments. In both instmments, MS^MS information is obtained 
at the expense of fai^ resoli^on. In addition conelated 
reflex spectra can be obtained only on instrumj^ts whidi 
record sir^e ions on eadi TOF cycle, and are ther^ore not 50 
compadble with methods (such as laser desoq)tion) which 
produce hi^ ion currents following cadi laser pulse- 
New ionization tedmiques^ such as plasma desoaption 
(Macfariane, R. D,; Skowronski, R. R; Toigcrson, D, R; 
Biodiem. Bios. Res. Commoun. 60 (1974) 616), laser des- 55 
aqption (VanBreemen, R. B,; Snow, M.; Cottar, R. J.. Int I 
Mass Spectrom- Ion Phys. 49 (1983) 35; Van der PeyL, G. J. 
Q.; Isa, K.; Hav^karap, J.; Kistemaker, R G,, Org. Mass 
Spectrom. 16 (1981) 416), fast atom bombardm^it (Barber, 
M.; BordolL R. S.; Sedwicfc, R. D.; lyte, A. N., J. Chem. 60 
Soc, Chem. Commun. (1981) 325-326) and dectrog)ray 
(Meng, C K.; Mann, M.; Ffenn, J. B., Z. Phys. DIO (1988) 
361), have made it possible to examine the chemical struc- 
tures of proteins and pqptides, glyccpeptides, glycolipids 
and other biological compounds without chemical derivati- 65 
zation. The molecular weights of inta<^ proteins can be 
determined using matrix assisted laser desoaption ionization 
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(MALDI) on a TOF mass spectrometer or clectrospray 
ionization. For more detailed structural analysis, proteins are 
generally cleaved chemically using CNBr or enzymaticaliy 
using ferypsinor other proteases. The resultant fragments, 
5 depending upon size, can be mapped using MALDI, plasma 
desoiption or fast atom bombardment In this case, the 
mixture of peptide fragments (<Mg<^€^ is o:amined directiy 
resulting in a mass spectrum with a coliectioa of moieoilar 
ion corresponding to the masses of eadi of the pqptides. 
10 Finally, the amino acid sequences of the individual peptides 
whidi make up the whole protein can be dctcnnincd by 
fractionation of the d^est, followed by mass spectral analy- 
sis of each peptide to obswc fragment ioas that correspond 
to its sequence. 

15 It is the sequencing of peptides for which tand^ mass 
spectrometry has its major advantages. Generally, most of 
the new ionization techniques arc successful in producing 
intact molecular ions, but not in producing fragmentation. In 
the tandem instrument the first mass analyzer passes 
20 molecular ions corresponding to the peptide of interest 
These ions are fragmented in a collision diambcr, and their 
products extracted and focused into the seccmd mass ana- 
lyzer which records a fragment ion {or sequence) spectrum. 
A tandem TOEMS consists of two TOF analysis regions 
25 with an ion gate between the two regions. As in conventional 
TOFMS, ions of increasing mass have decreasing velocities 
and increasing flight times. Thus, the amval time of ions at 
the ion gate at the end of the first TOF analysis region is 
dependent on the mass-to-<±arge ratio of the ions. If one 
30 opens the ion gate only at fee arrival time of the ion mass of 
interest, then only ions of that mass-to-diarge will be passed 
into the second TOF analysis region. 

However, it should be noted that the products of an ion 
dissociation that ocaars after the acceleration of the ion to its 
35 final potential will have the same velocity as tiie cdg^nal ion. 
Hie product ions will therefore arrive at the ion gate at the 
same time as the original ion and will be passed by the gate 
(or not) just as the original ion would have been. 

The arrival times of product ions at the end of the second 
40 TOF analysis region is dq)endent on the product ion mass 
because a reflectron is used. As stated above, product ions 
have the same velocity as the reactant ions from which they 
oriiginate. As a result, the kinetic cnagy of a product ion is 
directiy jMoportional to the pwxkict ion mass. Because the 
4S fli^ttimeofa&iontfarou^arefectxoaisdcpeadeatoQthe 
kinetic energy cf the ion, and the kin^c caiogy of tiie 
product ions are dq}endeBt on thdr masses, the fltght time 
of the product ions thzou^ tiie reflectron is dq>endent on 
their masses. 

50 As TOFMS is a pulsed technique, one of the difficulties in 
its use is in interlacing it with continuous i<Mi sources such 
as electro^pray ionization. One common m^od for inter- 
facing sudi a source wfth TOEMS is refcned to as <srthogo- 
nal aoceleiation. In this m^od, the TOF analysis is per- 

55 formed in a direction y^Mdx is rou^y ortiK^onal to the 
direction of motion <rf the ion beam produced by the source. 
'Hie beam from tiie source passes into and through an 
intrface region at the beginning of the TOF mass spectrom- 
eter. In the interface region, tiie ion beam passes between 

60 accelerating electrodes. By eneigizing the accelerating 
electrodes, the portion of the ion beam \^di is betwecn*tie 
accel^atii^ electrodes-is aocdL«ated-^di that a TOF mass 
analysis can be perfumed on tiiese ions. Ideally, the accel- 
erating electrodes are energized at regular int^vals such that 

65 ail the ions from the source are accelerated and analyzed. 
Tlie diflicuity with the orthogonal acceleration method is 
tiiat if the TOF direction is to be truly orthogonal to the 
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direction of motion of the ion beam^ the ions must be 
defiected using a defiect<H: or similar device. This causes a 
distortion in the fl^ht times of the ions and feus decreases 
the mass resolution of the spectrometer. 

The purpose of the present invcntioa is to adiieve truly 5 
orthogonal TOFMS while maintaining a higher mass reso- 
lution than can otherwise be achieved in similar instruments. 

Several references relate to the technology herein dis- 
closed. For example, E Hillenkamp^ M. Karas, R. C Beavis, 
B. T, Chait, AnaL Chenu 63QA\ 1193A(I991); Wei Hang. lO 
Pengyuan Yag, Xiaoni Wang, Chenglong Yang, Yongxuan 
Su, and Benli Huang, Rapid Comm, Mass Spectrvnu 8, 
590(1994); A. R Vercntchikov, W. Ens, ICG. Standing. 
AnaL Chenu 66, 126(1994); J, H. J. Dawson, M, (5uilhaus, 
Rapid Conrnu Mass ^ectronu 3, 155(1989); M. Gfuiihaus, L 15 
Am, Soc, Mass Spectrom, 5, 588(1994); E. Axdsson, L. 
Holmlid, Int J, Mass Spectrom. Ion Process, 59, 23 1(1984); 
O. A. Miigorodskaya, et aL, A/uiL Chenu 66, 99(1994); S, 
M. MidiaeL B, M. Qiien, D. M. Lubman, Anal Chem, 65, 
2614(1993), 20 

SUMMARY OF THE INVENTION 

One of the major considerations in the design of TOP 
mass spectrometers is that of ion deflection. Ion deflection 
serves the puipose of both steering the ion beam onto a 
desired path and for sheeting/rejecting ions during the 
course of the mass spectroscopic analysis. ]ji conventional 
spectrometers, ion deflection is typically adiieved via 
deflection plates. A conventional deflector consist of two 

30 

metal plates which are placed parallel to one another on 
opposite sides of the expected path of the ion beam in planes 
which are peipeadicular to the direction in which the ion 
beam is to be deflected. These deflection plates are biased to 
an electrical potential whidi produces the desired deflectioo- 
The difiSculty with sudi a deflection system in a TOF mass 
spectrometer is that its use results m distortions in the flight 
times of the deflected ions. 

Hie distortions in ion flight times caused by the use of 
deflection plates is the result of 1) differences in the flight ^ 
times of ions through the deflection region and 2) dianges in 
the velocities of the ions in the time-of-flight direction 
resulting from deflectioa, Tlie present invention reduces the 
differences in &e flig|it times of loos through the deflection 
region to negligible values by reducing flie len^ of the 
deflection r^on and by decreasing the potentials on the ' 
deflecting ^ODCDts. 

In the multid^cctoi, an anay of spedal bqK)lardefiecti^^ 
plates is used to induce ion deflection. Each muMdeflector 
deflection plate is con^)osed of two m^ plates sqjarated 50 
by an insulatoi: When active the two metal plates are biased 
to the same eiectricd pot^tial but with opposite polarities. 
Hie bq>olar deflection plates are placed adjacent and par- 
allel to one another, and ajproximately parallel to the ion 
beam path such that when the multideflector is deeneigized, 55 
the vast majority of the ion beam passes ui^>ertuibed 
throu^ the device. Further, the bipolar plates are assembled 
into the multideflector sudi that eadi side of each deflection 
plate is fa<ing the oppodte polarity side of the adjacent 
deflection pl^ ^ 

The inv^tion is a spcdfic desi^ for an (Mi<^onal TOF 
mBSs spectrometo" inooiporating Einsel lens focusii^, and a 
single stage grided reflector. Otiier objects, features, and 
<iiaracteristics of the present invention-, as well as the 
methods of operation and functions of the related elements 65 
of the stnjcture, and the combination of parts and economies 
of manufaciaire, will become more apparent upon consider- 
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ation of the foliowiDg detailed dcsaiption with refa-encc to 
the accompaayiiig drawings, aii of which fonn a part of this 
specification. 

5 BRIEF DESCRIFnON OF THE DRAWINGS 

FIG. lAis a schematic view of a prior art Orthogonal TOF 
roass spectrometer as seep from above; 

FIG. IB is a schematic view of a prior art Orthogonal TOF 
mass spectrometer as seen from the side; 

FEG. 2 is a depiction of an ion source and interface region, 
as used with the present invention; 

FIG. 3 is a deplcdoa of an ion source and interface region 
including a conventional deflection plate system; 

FIG. 4A is a side view of a bqwLar deflection plate as used 
in the multidcflector, 

FIG* 4B is a bottom view of a bipolar deflection plate as 
used in the mukideflectoq 
2Q FLG- S A is a dde view depiction of how bipolar deflection 
plates are assembled to fcxm a multidefiector; 

FIG. 5B is a bottom view depiction of how bipolar 
deflection plates arc assembled to form a multidefiector; 
FIG. 6A is a diagram depicting the use of conventional 
25 deflecti<Hi plates and an cxan^>le ion path; 

FIG. €Bisa diagram depicting the use of a multidefiector 
and an example ion path; 

FIG. 7A is a diagram depicting the electric fields associ- 
ated with <x)nventional deflection plates under the conditions 
ofHG.^A; 

FIG- 7B is a diagram depicting the electric fields associ- 
ated with a multidcflectOT according to the present invention 
under the conditions of FIG, ^B; 
35 FIG. 8 is a diagram of the multidefiector as used in the 
Bruker orthogonal TOF mass spectrom^er; 

FIG. 9 is a diagram of the Bniker orthogonal TOF 
interface including the multidefiector according to the 
present invention; 

^ FIG. 10 is an example of the potential applied to the 
multidefiector as used in the Bruker orthogonal TOF mass 
spectrometer; 

HG. 11 is a diagram depicting a multidefiector containing 
bipolar deflection plates whidi are curved to approximately 
" the same cxt^t as the CKpcd km path; 

FIG. 12A is a diagram dqpicting example ion paths 
throi^ a muMdeflector in non-focusing mode; 

' FIG. 12B is a plot dejecting the dectcic field str«igth as 
50 a function of posMon in &e multidefiector in non-focusing 
mode; 

FIG. 13A is a diagtam depicting example ion paths 
throu^ a multidefiector in defocusing mode; 

FIG. 13B is a plot depicting the electric field strength as 
a ftinction of position in the multidefiector in defocusing 
mode; 

FIG. 14A is a diagram depicting example ion paths 
through a multidefiector in focusing mode; and 

^ FEG. 14B is plot depicting the electric field strength as a 
function of po^on in fiie nmltidefiector in focusing mode 
-acoordii^ to Jhc present invention. 

DETAHJED DESCRIFnON OF THE 
PREFmRED EMBODIMEOT 

65 

With respect to FIG. lA, a prior art TOFMS 1 is shown, 
with an ion source 2, interface 3, reflectron 4, linear detector 
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5, and reflector detector 6. In FIG. 1, ions are generated in 
the source 2 by, for example, electrospray ionization. Ions 
are accelerated through, and out of, the ion source 2 along 
path 7, In the interface 3, the ions are accelerated in a 
direction which is Grthogoaai to their original direction of 5 
motion- After this acceleration, ions are deflected onto a 
trajectory S which is truly orthogonal to tfieir original 
direction of motion giyen by path 7. 

The TOF mass analysis takes place in a plane which is 
orthogonal to path 7. An example ion path 9 through the 
spccfrometo' in this plane is depicted in FIG. IB. The TOF 
mass analysis begins in interface 3 wh^e ions are acceler- 
ated by an cicctdc field and deflected onto a proper trajec- 
tory. Ions pass out of the intacface and drift through the 
spectrometer until arriving at reflectron 4, If the reflectron is 
deenergized, the ions will drift through the reflec^on and 
strike detector 5. If the reflection is energized, however, the 
ions will be reflected and eventually strike detector 6 accord- 
ing to path 9. By measuring the time required for the ions to 
move from their starting point in the interface to one of the 20 
detectors, the mass to charge ratio of the ions can be 
determined. The mass and relative abundance of the ions is 
determined by measuring the time required for the ions to 
travel from their starting point in the interface to one of the 
detectors and the signal intensity at the detectors respec- 25 
tively. 

With respect to FIG, 2, a block diagram of an ion source 
2 and interface 3 is shown. Ions genaated in ion source 2 
travel through interface 3 according to ion paths 12 and 13. 
The interface consists of a repdler plate 10, extraction grid 30 
11, grounded grid 14, and deflection system 15. Repello: 
plate 10 is a metal plate whidi lies in a plane parallel to ion 
path 12 and perpendicular to the final direction of ion motion 
given by pafli 13. Extraction grid 11 and grounded grid 14 
are composed of fine mesh metal grid (e.g. 90% 35 
transmission, 70 lines per inch) mounted on metal rings. 
Elements 11 and 14 lie in planes parallel to repeller plate 10. 
DeflectioD system 15 may take on a variety of forms as will 
be detailed below. 

When elements 10 and 11 are deenergized — that is when 40 
elements 10 and 11 are held at ground electrical potential — 
ions from source 2 may pass freely dirough the interface 
acccMTding to path 12. When energized, a potential difference 
is irc^sed between dements 10 and 11 and between de- 
ments 11 and 14, Those ions vMch are between dements 10 45 
and 11 ^en the potentials are sppUcd are accderated by the 
resulting electric Adds along paths vMdi are paralld to 
example ion pafli 13, Even thou^ the electric fields between 
dements 10 and 14 accdcrate the ions in a direction wtdch 
is orthogonal to path 12, the ions retain their initial velodty 50 
in the axial direction (Lc. in the direction given by path 12), 
As a result fiie ions enter deflection system 15 moving in a 
direction which is not exactly orthogonal to path 12. 
Typically, ions &ittr ds&ecdon system 15 moving in a 
direction which is 3 to 6 degrees from the orthogonal 55 
direction. Because the TOF mass analysis occurs in the 
orthogonal direction, the deflection system roust turn the 
ions onto a path vMch is <Hlhogonal to path 12, 

With respect to FIG. 3, a block diagram of an ion source 
2 and interface 3 is shown with deflection plates 16 and 17 60 
used as the deflection system Deflection plates 16 and 17 
are metal plates v^^dfare placed parallel to one another on 
opposite sides of the expected path of the ion beam in planes 
which are peatpendicular to the direction in which the ion 
beam is to be de&CKiieiL Assuming the ions are positively 65 
charged, the plate which the ions are to be deflected away 
from will be maintained at a positive potential. The qpposing 
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deflcciion piale will be maintained at an equally negative 
potential. Thus, an electric field is produced between deflec- 
tion plates l<j and 17 which then deflects the ions in the axial 
direction. However, as the ions enter and exit this electric 

5 field, they are also accelerated in the orthogonal direction. 
As a result, the flight time of ions through the electric field 
will vary depending on the position at which the ions enter 
and exit the field. In FIG. 3, two possible ion paths IS and 
19 are depicted in order to demonstrate that the ion beam has 

10 a significant width in the dimension in which it is to be 
deflected- Positively diarged ions entering the electric field 
close to positively biased ddSection plate have a longer 
flight time through the field than ions entering the field dose 
to negatively biased deflection plate 17. This d^ndence is 

15 approximated by: 

L (4) 



where t is the ion flight time tfarou^ the field, L is the length 
of deflection plate in the orthogonal direction, m is the mass 
of the ion, € is the kinetic energy of the ion, q is the charge 
on the ion, V is the potential difi'crcnce between the plates, 

25 X is the distance between the ion and the positively biased 
plate when the ion enters &e field, and d is the distance 
between the plates. Because the mass of an ion is determined 
by its total flight time firom the interface to the detector, 
variations in the flight times of ions as given in equation 4 

30 result in loss of mass resolving power in the spectrometer as 
a whole. As given in equation 4, the variation in ion fii^t 
times can be reduced by decreasing V and L. This has been 
accompli^ed in the design of the multideflector while 
maintaining the capabilities of the conventional d^cction 

35 plate design, 

FIG. 4 A is a side view dqpiction of a bipolar deflection 
plate which is essential to the construction of a multideflec- 
tor according to the present invention, FIG. 4B is a bottom 
view depiction of a bipolar deflection plate which is essen- 

40 tial to the construction of a multideflector according to the 
present invention. The b^)olar deflection plate consists of 
two metal foils 21 and 22 sq>arated firom one another by 
insulat<M^ 20. The total tfaidcncss of the direction plate can 
be as iMcas 0.1 mm (hide. As usedin die Bniker orthogonal 

45 TOF mass spectrometer; the b^olar defiecdon plate is 0.11 
mm thick and consists of a 25 um tfaid: polyamide iiisulat<x; 
IS um ^dcm^ foils, and adhesive having a total cf 50 um 
diiciaicss yMdi holds the two metal fofls to the insulatOL 
FIG. 5A is a side view depiction of die geometrical 

50 arrangement of bipolar deflection plates 23, 24, and 25 in a 
multideflector acccarding to fire present invention. FIG. 5B is 
a bottom view depiction <tf the geomietdcai anangaaent of 
bipolar deflection plates in a multideflector according to the 
present inventioiL As shown, in FIG. 5, the bqwlar defiec- 

55 tion plates are placed adjacent and parallel to one anotha: 
such that each side of eveiy plate is fach^ the side of the 
adjacent plate whidi is of the opposite polarity. Also note 
thaC for the sake of convenience, the distance between 
adjacent i^ates is a constant 

60 Some of the advants^cs of the multideficctor of the 
present invention over conventionai deflection jdates^src 
demonstrated in FIGS. ^A and 6B. FIGS, €A and €B inow 
a cross-sectional view of a s^ of convoational 4efiection 
plates and a muItidefiect<Mr respectively and a representative 

65 ion trajectorj^ through the energized devices as determined 
by a numerical calculation, ITie calculations were performed 
assuxniag an ion entering from the left has a kinetic enorg^^ 
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of 3 IxV and is moving in a direction of 6 degrees from the 
cffthogonai direction. The potentials on the devices were 
then adjusted so &at the ion was deflected onto an orthogo- 
nal path (Le. a path from left to li^t). It is easy to show tiiat 
ions passing between two adjacent deflection plates of either 5 
device are deflected by an angle: 



where 6 is the angle of deflection, V is the volUge on the 10 
plates, and L is the length of the plates in the orthogonal 
direction, q is the elemental charge, dh^c distance bdween 
the plates, and € is the kinetic en^gy of the ion. Thus, under 
a given set of conditions, one can obtain the same degree of 
deflectionatf<M:exanple,half the voltage by doubling Lor 
decreasing d by a factor of 2- 

Note that the scale of PEGS. 6A and 6B are not identical. 
In FIG. 6A, the length of the deflection plates is 40 mm 
whereas in FIG. €B the length of the plates is 10 mm. 20 
Rirthcr, the distance between the plates of the conventional 
deflector was taken to be 40 mm so that it can accommodate 
the broad ion beams expected. In contrast, the distance 
between the plates of the multideflector as shown in FIG. ffi 
was chosen to be 3 mnx In <rder to accommodate broad ion ^ 
beams, the plates of the multideflector are spaced across the 
expected ion beam path such that eveiy ion of the beam must 
pass between a pair of deflection plates. 

One of the primary considerations in choosing the dis- ^ 
tance between tiie plates is that of transmission efficiency. In 
a first approximation, if the plates are 0. 1 mm thick and the 
distance between the plates is 3 mm then about 3% of the ion 
beam will collide with the plates while 97% of the beam will 
pass through the device and be analyzed. 

A second consideration in selecting the distance between 
the plates in the multideflector is that of operating voltage. 
In accordance with equations 4 and 5, lower voltages are 
desirable in order to maintain a high mass resolution. ^ 
Consequently, a small inteiplate distance is desirable. The 
selection of the inteiplate distance is thus a trade-off of 
transmission efficiency and mass resolution. 

ThercsuJts of the simulation as shown in FIG. 6Aindicate 
tfj^ 4. and —200 V are required on plates 26 and 27-45 
respectively in ofdcr to produce ion trajectory 28. Flirther, + 
and-100 V arciequiied on plates 29 throu^ 33 in order to 
produce ion trajectory 34. In aoxardance with equation 4, the 
distribudonin fli^ttimes of 1000 amu ions passing through ^ 
the conv^itional deflector of FIG, ^Ashould span 111 ns. In 
contrast, because d and L are smaller for the multideflector, 
the distributiofl in ffigjit times of these ions pasdng tfarou^ 
the miiltide^ector of FIG, 6B should span only 14 ns. This 
order of magnitude difference in the ffight time distrft>ution 55 
implies that the best mass resolution of the instimnents in 
whidi they are used can also differ by an order of magnitude. 

Another advantage of the multideflector over conven- 
tional deflection plates is depicted in 3FIGS, 7A and 7B. In ^ 
HGS. 7A and 7B the oonventionai deflection plates and the 
multideflector of FIGS, €A and 6B respectively are shown 
together with the 10 V equipotential lines associated with The 
devices under flie conditions of FIG- 6. As seen in FIG. 7A, 
the +10 V and -10 V equipotential lines 35 and 36 respec- ^5 
tively extend more than 40 mm to either side of the deflec- 
tion plates. In contrast, as depicted in FIG. 7B, the -f 10 V 
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equipolealiai lines 37, 39, 41, acd 43, aad the -iO V 
equipoteatiai lines 3$, 40, 42, and 44 extesd only about 1 
mm to either side of the multideflector. Cieariy, the dipole 
character of the bipolar deflectioa plates of the multideflec- 
5 tor confine the electric field of the multideflector to the 
inomcdiate vicinity of the multideflector. In this regard, the 
'multideflector is self shielding. 

This characteristic also makes the multideflector more 
predictable than the conventional deflector particularly in 
regard to the relationsh^ between applied voltage and 
deflection angle. In accordance with equation 5, ±315 V 
should be applied to tiic conventional deflector of FIG. 6A 
in order to ^tain the observed deflectioQ. However, the 
actual voltage rcquiied is ±200 V. This difference in the 
numoical and analytical results is the result of the extended 
field lines depicted in FIG. 7A. Because the electric field 
extends so far firom the deflector, the effective length, L, of 
the deflector is longer than the deflection plates. As predicted 
20 by equation 5, a larger length leads to a smaller required 
deflection voltage. 

In contrast because the multideflector is self shielding, 
the effective length is neariy the same as the length, of the 
plates. Hius, the required deflection voltage of ±95 V predict 
^ using equation 5 is in close agreemeot with the ±100 V 
determined using the numerical calculation. In this manner, 
the predictability of the multideflector makes it a more 
practical device. 

In FIG, 8 a diagram of multideflector 45 as used in the 
Bruker <Mthogonal TOP mass spectrometer is depicted. 
Multideflector 45 consists of two insulating holders 46 and 
47, 16 bipolar deflection plates 4S, metal rods 49a and 49b 
for support and decttical contact, and two electrically 
35 grounded shields 50, Ions pass between plates 4S in a 
direction normal to the plane of the drawing. To make the 
multideflector inactive, rods 49a and 49b are held at ground 
potential. This in tura holds both sides of aM the deflection 
plates at ground. When grounded, ions pass unperturbed 
through the multideflector. To eocrgize multideflector 45, 
rods 49a and 49b are biased to the same magnitude potential 
but witiii opposite pdarities. Because rod 49a is electrically 
connected with flie same side of all the d^ecdon plates (eg, 
•45 the left ddc) and rod 49i? is electrically connected wifli the 
opposite ade of every deflection plate (e.g. the ri^t side), 
the deflection plates are jbiased as diown in FIGS, 5A and 
6B, Ions passing through the ^icigized device will be 
deflected as discussed above. 
^ FIG, 9 is a dq)iction of Brufcer <Mrthogonal TOF interface 
induding stjqpport rods 51, baseplate 5Z rcpeto 54, extrac- 
tion grid 55, ground grid 55a, and multideflector 45, When 
the repdler and extraction grid are at ground, ions generated 
55 in source 2 pass between the rq)elier and the extraction grid 
along path 53. At ^pprcpriate intervals, the reseller and 
extraction grid are pulsed to a high electrical potentiaL Ions 
between the rqpcEcr and extraction grid at the time of the 
pulse are accdeiated in the <Mthogonal direction (Le, 
^ orthogonal to pafe 53) by the electric fifdd established by the 
potentials on electrodes 54, 55, and 55a, Multideflector 45 
deflects the ions so as to eliminate ion motion in fee axial 
direction (Le. in the dimensioo of pafli 53). 
^5 In this situation, the multideflector has an additional 
advantage over conventional deflectors because of its 
smaller size in the orthogonal direction. The ion beam 
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produced by source 2 is typically composed of a variety of 
mass-to-charge ratio iocs. Often, the kinetic energy of these 
ions differs and is typically a ftinction of mass. In the case 
of the Bruker source, the kinetic energy of the ions is a linear 
function of mass, A oonventional deflection system cannot ^ 
be adjusted to simultaneously deflect all of these ions onto 
an orthogonal trajectcry However, by varying the Voltage on 
the multideflector during the ion analysis, ions of every mass 
can be deflected onto an orthogonal path simultaneously. 

As depicted in FIG, 9, there is a distance of around 25 mm 
between the initial position of &c ions and the muitid^ec- 
tor. Thus, some time is needed for the ions to travel this 
distance. This time is dependent on the mass of the ion. 
Because the axial kinetic cacigy is directly related to the 
mass of the ion, the required angle of deflection and there- 
fore deflection voltage is also directly related to the mass of 
the ion. So, the voltage applied to the mulddefiecto- may be 
adjusted such that at the time of anival of a given mass ioa, 
the multideflector voltage is properly to deflect that mass 
ion. The function of applied voltage vs. time of analysis as 20 
used with the Bruker source and interface is shown in FIG, 
10. 

A conventional deflector cannot be used in this way 
because the size of the ekcctiic field in the orfliogonal 
direction is too large. The flight time of an ion through the 
multideflector is about one sixth of that through the effective 
length of the conventional deflector discussed in FIG. 7A, 
According to FIG. 10, the potential applied to the multide- 
flector changes little during this time (<IQ%). A similar ^ 
approach taken with a conventional deflectca: would lead to 
a variation in voltage of about 50% while the ion is in the 
deflector, Tliis obviously would lead to imprcper deflection. 

One disadvantage of using the bipolar plates as described 
thus far is that they are planar and thus can deflect the ion 35 
beam through only a limited angle before the ions are 
deflected into collisions with the deflection plates them- 
selves. Thus, to accomplish large angles of deflection, for 
example IW°. curved deflection plates would be useful. ^ 
FIG. 11 is a diagram of a curved plate multideflector. Here 
bipolar plates 5^ are curved so as to be parallel to expected 
ion paths 57. Because plates 56 are curved, the ions never 
collide with the plates. This curved {date conc^ can in 
principle can be applied to any degree of deflection and any 45 
ion path. 

Hie multideflector may be used to focus or defocus ions 
in the deflection dimension. FIG. 12A depicts a multideflec- 
tor as used in non-focusing mode. Here deflection plates 58 
throu^ €7 are afl held at the same potentials. As a result ion 
paths 6S throu^ 76 are parallel to one another. Hiat is all 
ions passing through the device will be d^ected by the same 
angle. As depicted in FIG. t2B, the electric field strength 
wifliin the multideflector in non-focusing mode is a constant 55 

FEG- 13A depicts the multideflector as it is used in 
defocusiflg mode. In this case, tiie potentials on plates 58 
throu^ 67 are varied so as to produce the variation in 
electric field strength shown in FIG. 13B. This variation in 
dectric field stren^ results in ions 6S through 76 being ^ 
deflected by different degrees. Ions which encounter a higher 
field strength are deflected by a largea: angle as given by 
equation 5, Thus, ion path 68 shows a greater angle of 
deflection than ion path 76, and the ion beam is defocused. ^5 

In a similar manner, the ion beam may be focused by 
increasing the electric field strength as a function of position. 



14 

HG- 14 A <icpicts the variation of the potentials on deflection 
plates 58 throu^ 67 when the multideflector is used ia 
focusiag mode. FIG. 14B depicts the correspODding varia- 
tion in the electric field strength with position. So in the case 
^ of FIG, 14, ion path 6S shows a smaller angle of deflection 
than ion path 16 and thus (he ion beam is focused. Similar 
focusing and defocusing effects can be obtained by varying 
the lengths of the deflection plates or the distances between 
10 them in accordance with equation 5. 

While the foregoing eiDbodhncnts of the invention have 
been set forth in considerable detail for the purposes of 
making a conq)iete disclosure of the invention, it will be 
apparent to those of skill in the art Aat numerous dianges 
may be made in sudi details without dqparting from the 
spirit and the principles of the invention. 
We claim: 

1. An imptoycd time of flight mass spectrometer cora- 
20 prising: 

a deflector for deflecting an ion from an ion path consist- 
ing of more than two plates ananged across said ion 
path in such a way that, during a given passage through 
said deflector, said ion must pass between two and only 
^ two adjacent plates; and 

a detector for detecting said ion; 

wherein each of said plates is energized to a potential. 

2. An improved time of flight mass spectrometer accord- 
ing to claim 1 wherein said deflector is formed by a series 

30 of conductive plates. 

3. An improved time of flight mass spectrometer accord- 
ing to claim 2 wherein at least one of said conductive plates 
is metaUic 

4. An improved time of fli^t mass spectrometer accord- 
35 ing to claim 1 wherein said d^ector deflects substantially 

all ions away from said ion path. 

5. An improved time of flight mass spectrometer accord- 
ing to claim I wherein said detector is responsive to the 
number of ions not deflected away from said ion path. 

^ ^, An improved time of flight mass spectrometer accord- 
ing to <iaim 1 wherein said ions are deflected away from said 
ion path along a plurality of directions* 

7, An improved time of flight mass spectrometer accord- 
ing to daim 6 vvhaxm said mass dcficctCM: is fooned by a 

<5 series of conductive plates. 

8, An in^ffoved time of flight mass spcctromj^ aooord- 
iflg to claim 1 whereic said deflector is used as a mass 
sciect<r, 

9. An improved time of fli^t mass spectrometCT accord- 
50 ing to claim 1 whcrdu at least of said plates is eneij^zed to 

a positive potential and anotho: of said plates is cneigizcd to 
a negative potentiaL 

10. A mdtidefiectcr for analyzing ions in a time of flight 
mass spectrometer comprising: 

an ion source; 
an ion d^ector, 

a flight tube for transporting ions formed within said ion 
source; and 
^ a gate disposed along said flli^t tube; 

wherein said ion source produces ions capable of tr?*"^ 
along said fl^ht tube, and wher^n said detector dccects 
the presence of said ions; and ~ . ^ 

whareia said gate is formed by a scdcs of metal plates 
65 airanged across said flight tube in such a way that, 
during a given passage through said multideficaor, said 
ions must pass between tv,'0 and only two adjaceat 
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plates, said plates being aligned to deflect substantially 
all ions away from the direction of ion propagation 
along said flight tube. 

11. Amuitideflector according to claim 10 wharein at least 
one of said plates is coaductive, 5 

12. A multideflector according to claim 11 wherein at least 
one of said conductive plates is metallic. 

13. A multideflector according to claim 10 wherein said 
gate deflects said ions into a plurality of directions. 

14. A multideflector according to claim 10 wherein said 10 
ion source includes a laser. 

15. Amuitideflector according to claim 10 wherein a data 
acquisition system is used to measure the time of flight of 
ions from said ion source to said detector. 

16. A multideflector according to claim 15 wherein a 15 
multiplicity of detectors are used, 

17. A multideflector according to claim 10 wherein a 
reflector is used to alter the path of ions away from said 
direction of propagation. 

18. A multideflector according to claim 10 wherein a gate 20 
is used to select ions based <mi mass. 
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19. A mass selector for use In a time of flight instxuraent 
coropiising: 
a flight tube; 
a gate; and 
an ion source; 

* wherein said ion source produces ions that travel through 
said fli^t tube, and wherein said gate impedes the 
travel of said ions by deflecting said ions into at least 
two dircc^ons, 

20. A mass selector according to daim 19 wherein said 
gate is fcamed of a plurality of metal plates, of which at lea^ 
one of said metallic plates is energized. 

21. A mass sdcc^r according to claim 19 which includes 
a computer controller. 

22. A mass selector acceding to dalm 21 wherein said 
computer controller includes means to vary voltages applied 
to said gate. 
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[57] ABSTRACT 

A me&od and apparatus to direct ions away from their 
otherwise intended or parallel course. Deflectors are used to 
establish dcctric fields in regions through which ions are to 
pass. With such electric fields, ions may be deflected to a 
desired frajectoiy. Acceding to the present invention, a 
multideflcctar, in tiie form of a scries of b^wiar plates 
spaced evenly across the ion beam path, is used as an ion 
dcflectoc 

22 Claims, 14 Dra\dng She^ 
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1 -^.-^ . A imp-rovf ^H himp of flight mass spectrometer comprising: 

2 a mniti de flector for deflecting ions from an ion path 

3 conaiating of more than two bipolar deflection plates each 

4 comprising a pair of metal plates separated from one another by 

5 an insul a tor r said bipolar deflection plates being arranged 

6 across said ion p ath in such a way that, during a given Passage 

7 through said mult i deflector , each of said ions must pass between 

8 two and only two adjacent bipolar deflection plates ; and 
|9j a detector for d etecting said ions; 

lj| wherein each of said metal plates is energized to a 

lai potential and the potentials of the metal plates of each pair 

W have opposite polarities. 

P. 

13' An improv ed time of flight mass spectrometer according to 

I'g claim 23 wherein the total thickness of each bipolar deflector 

16 plate is in order of 0.1 mm. 
17 

18 25^ An improved time of flight mass spectrometer according to 

19 claim 23 wherein the insulator consists of polyamide layer. 
20 

21 2£_^ An improved time of flight mass spectrometer according to 

22 claim 7A wherein the insulator consists of polyamide laver. 

23 
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1 2J^ An improvf^d tima nf flight mass spectrometer according to 

2 claim 23 wherein the bipolar deflection plates are curved. 
3 

4 Pft ■ An improved time nf flight masg spectrometer according to 

5 claim 24 wherein the bipolar deflection plates are curved. 
6 

7 29. An improved time of flig ht mass spectrometer according to 

8 claim 2fS wherein the bipolar deflection plates are curved. 

Li; - An improvf^d timF^ of flight mass spectrometer accordina to 

M nlaim 2 6 whg^rein th^ bipolar deflection plates are curved. 

i9 

Ip^ 31 . An improved time of flight mass spectrometer according to 

ijll claim 23 wherein the bipolar deflection plates are placed 

I'l adjacent and parallel to one another such that each metal plate 

16 of every bipolar deflection plate is facing the metal plate of 

17 the adjacent bipolar deflection plate which has the OTOQSi te 

18 polarity. 

19 

20 32 . An improved time of flight mass spectrometer according to 

21 claim 31 wherein the distance between adjacent bipolar deflection 

22 plates is a con stant. 
23 
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1 . An improvf^d time nf flig ht", maas Rpftntrometer according to 

2 r;1aim .-^2 wherein tht^ bipolar defection plates are curved . 
3 

4 A mnlti deflector accordin g tn claim 31 wherein the distance 

5 between adjacent bipolar deflection plates varies as a functio n 

6 of position with in the multidef lector . 
7 

8 35 . A multidef lector according to claim 34 wherein the bipolar 

,#= deflection plates are curved. 
l5 

Ijli 2l£^ a multidef lector according to claim 23 wherein the 

1^ potentials on the conducting el ectrodes is held constant. 
13 

l5 37 . A multidef lector according to claim 23 wherein the 

ijfe; potentials on the conducting electrodes is varied as a fu nction 

fS of time. 

17 

18 22^ A multidef lector according to claim 32 wherein the 

19 potentia ls on the conducting electrodes is held constant. 

20 
21 
22 
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1 22^ A Tm]1t-.ideflR(-:tnr arnnrdlng to claim 32 wherein the 

2 potentials on the conducting electrode s is varied as a function 

3 of time. 
4 

5 40 ■ An improved tinie of flig ht mass spectrometer according to 

6 claim 1 wherein said deflector d eflects substantially all ions 

7 from one ion path to a second ion path. 
8 

gi A mill ti deflector consisting of more that two bipolar 

l.i fjpfiprtion plates each of which consists of a pair of 

M electrically conducting electrodes separated from one another b y 

M an insulator and wherein each of said conducting electrodes is 

energiz e d t.n a potential and the potentials on the electrodes of 

]JJ each bipo lar deflection plate are of opposite Polarities. 

16 42 ■ An improved time of flight mass spectrometer according to 

17 claim 41 wherein the tot al thickness of each bipolar deflector 

18 plate is in order of 0.1 mm. 
19 

20 13^ An improved time of flight mass spectrometer according to 

21 claim 41 wherein the insulator consists of polyamide layer. 
22 

23 
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1 44 , An improved time of flight mass spectrometer according to 

2 claim 42 w herein the insulator consist s of p olyamide layer, 

3 

4 45 . An improved time of flight mass spectrometer according to 

5 claim 41 wherein the bipolar deflection plates are curved. 
6 

7 46 . An improved time of flight mass spectrometer according to 

8 claim 42 wherein the bipolar deflection plates are curved. 

if^ 47. An improved time of flight mass s p ectrometer a ccordin g t o 

Iffi,^ claim 43 wherein the bipolar deflection plates are curved. 

iKI 

ip 48 , An improved time of fli g ht m as s sp ectrometer a ccordin g to 

lE claim 44 wherein the bipolar deflection p lates a re cu rve d. 

if 

1'5' 49, An improved time of flight mass spectrometer according to 

17 claim 41 wherein the bipolar deflection plates are placed 

18 adjacent and parallel to one another such that each metal plate 

19 of every bipolar deflection plate is facing the metal plate of 
2 0 the adjacent bipolar deflection p late w hich has the o p po s ite 

21 polarity. 

22 

23 
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50 . An impr ove d time of fli gh t m as s spectrometer according to 
claim 49 w herein the d istance between adjacent bipolar deflection 

plates is a constant. 

51 . An improved time of flight mass spect rometer according to 
claim 50 wherein the bipolar defection plates are curved. 

52 ■ A multidef lector accor ding to claim 49 wherein the distance 
bet w een a djacent b ipolar d eflection p lates varies as a function 
of p o s ition w ithin the multidef lector . 

53 . A multidef lector according to claim 52 wherein the bipolar 
deflection plates are curved. 

54 . A multidef lector according to claim 52 wher ein the 
potentials on the conducting electr odes is held constant. 

55 . A multidef lector according to claim 52 wherein the 
potentials on the conducting electrodes is varied as a function 
of time. 
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1 56 ■ A multideflector according to claim 49 wherein the 

2 potentials on the conducting electrodes is held constant. 

3 

4 57. A multideflector according to claim 49 wherein the 

5 potentials on the conducting electrodes is varied as a function 

6 of timet 
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FIG. 5A 



23 



y y y y\ 



24 



o 

* 
u 
ru 

03 
< 

O 

nj 

m 



\//// / 



y25 



FIG5B 

25 



2; 



2: 



' U.S. Patent Dec. 9, 1997 sheet 6 of 14 5,696,375 



FIG. 6A 
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